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Abstract
Impaction of a permanent tooth is a relatively common clinical occurrence in the 
human dentition. First mandibular molars and maxillary second molars are rarely 
impacted with a reported prevalence of 0–2.3% for second molars, 0.02% for the 
maxillary first molar, and of less than 0.01% for the mandibular first molar. The fail-
ures in their eruption mechanism may occur due to an obstacle such as the presence of 
a supernumerary tooth or an odontoma, lack of adequate space in the arch, an abnor-
mal eruption path, or with idiopathic etiology. It is an asymptomatic pathology which 
is usually a casual discovery. Early diagnosis and treatment of permanent molars erup-
tion disturbances contributes to optimal outcomes and favorable long-term prognosis 
by reduction of complication. The purpose of this is chapter is (1) to define prevalence 
and etiopathogeny of impacted first and second permanent molars, (2) to pinpoint the 
needs of earlier diagnosis, and finally (3) to highlight the treatment options.
Keywords: unerupted, impacted teeth, first molars, second molars, permanent 
molars, retained asymptomatic molars, uprighting molars, orthodontic treatment
1. Introduction
Impaction of a permanent tooth is a relatively common clinical occurrence in the 
human dentition. It mostly involves the mandibular and maxillary third molars, the 
maxillary canines or central incisors, and the mandibular second premolars while 
the first mandibular molars and maxillary second molars are seldom concerned. It 
deals with an abnormality of position in the wake of the failure of eruption [1].
Raghoebar et al. [2] suggested that teeth of the permanent dentition, of which 
the first and second molars, may fail to erupt either as a result of mechanical 
obstruction, such as the presence of a supernumerary tooth or an odontoma, lack 
of adequate space in the arch, or because of disruption to the eruptive mechanism 
itself, or idiopathic etiology.
This multifactorial origin disturbance entails various clinical forms. Thereby, 
a broad range of terms are used so as to illustrate this phenomenon: retention and 
impaction. In reality, each of these words designates various etiologic factors and 
involves an accurate diagnostic what leads to the prognosis and the treatment of 
such a disturbance.
This asymptomatic pathology is most of the time a casual discovery and may 
incite various pathologic conditions of neighboring and opposing teeth, such as 
caries, periodontitis or roots resorption, and eventually malocclusions. And so, it is 
Human Teeth - Key Skills and Clinical Illustrations
2
an unpredictable situation dentists have to keep up with through the use of proper 
clinical and radiological assessment [2–5].
Indeed, optimal outcomes can be reached if both of diagnosis and treatment of 
such a disturbance are early done. However, multiple local factors are involved in 
the failure of eruption and influence its prognosis and treatment. Among them are 
inclination axis, stage of the root formation, and the depth of the molar, although 
their exact roles have not been established and the age of the patient is probably a 
key factor in the evolution of the cases [1–3].
The treatment options are based on the type of eruptive abnormality and the 
age of the patient, including observation, orthodontic or surgical approaches and 
extraction of the unerupted molar. Each approach has its indications, contraindica-
tions, advantages, and disadvantages [1, 2].
This chapter copes with an overview of this pathology and aims (1) to recall 
the mechanisms of normal and disturbed eruption, (2) to define prevalence and 
etiopathogeny of impacted first and second permanent molars, (3) to shed light 
on the needs of earlier diagnosis, and ultimately (4) to bring the limelight on the 
treatment options.
2. Normal and disturbed eruption of permanent molars
Eruption comes down to a process of biological maturation which involves the 
axial movement of a tooth from the developmental position within the jaw toward 
the functional position in the occlusal plane [1, 6]. The grounds of this biological 
mechanism remain unknown even if several hypotheses have already been argued. 
Amidst these hypotheses, root growth, hydrostatic pressure, and selective bone 
deposition and resorption are not sufficiently supported by experimental data.
Moreover, there is no denying that the periodontal ligament and the dental 
follicle provide the required force to generate this tooth eruption. However, although 
this theory is widely disregarded because eruption also occurs in its absence, it obvi-
ously remains the cogent argument. To sum up the foregoing, eruption is a multifac-
torial process in which the loss of one factor can be successfully offset by another [7].
The eruption of the first and second permanent molars is especially significant 
for the coordination of facial growth, and for providing sufficient occlusal sup-
port for undisturbed mastication [1, 6]. Their eruption differs from that of other 
permanent teeth in the sense that [2]:
• They do not have preceding primary teeth.
• Their development is sequentially initiated in the tuberosity of the maxilla and 
at the junction of the ascending and horizontal ramus of the mandible.
• As a result of the growth of the jaws, the relative position of the first molar 
shifts anteriorly at the time of the development of the second molar.
• At the beginning, the occlusal surface of the mandibular molars is mesial while 
that of the maxillary molars is distally inclined.
• During growth of the jaws, the crowns gradually move to an upright position.
• Just after emergence, half of the roots of lower first permanent molars and 
central incisors have been formed while three quarters of the roots of all other 
tooth have normally been formed.
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Eruption disturbances of teeth are usual and can have a negative sway on the 
development of the tooth and jaw system. The clinical spectrum of eruption distur-
bances may vary from delayed eruption to failure of eruption.
Failure of eruption, unlike delayed eruption, is considered as the inability of the 
tooth to emerge in the oral cavity [1]. It may affect one or several teeth, in either the 
primary or the permanent dentition, and can be partial or complete. In this case, 
teeth may be totally covered by bone or soft tissue. In every instance, the failure is 
contingent on underlying etiology [8].
Average eruption ages have been established for each dental category; however, 
there is individual variability in the eruption pattern and dental development. First 
molars emerge on the mean at 6 years of dental age. Eruption of the permanent 
second molars occurs, typically, few months after primary second molars, and 
maxillary primary canines are replaced by their successors at dental age 12 [9]. 
According to Helm and Seidler, it normal emergence was defined as in the maxilla 
12.4 and 11.9 years in the mandible, and 11.9 and 11.4 years for boys and girls, 
respectively [1, 6].
It is important to consider that 6-month delay in eruption of a permanent man-
dibular second molar compared with its contralateral counterpart or a 1-year delay 
in eruption of both molars should indicate a need for further radiographic investi-
gation [9]. When eruption of a permanent tooth is at least 2 years behind schedule, 
disorder eruption should be suspected [3].
3. Epidemiology
Impaction of a permanent tooth most commonly involves the mandibular and 
maxillary third molars that accounts for more than 80% of all impacted teeth. In 
[9], the following teeth concerned by the impaction are the maxillary canines or 
central incisors and the mandibular second premolars themselves followed by first 
mandibular molars and maxillary second molars.
Failure of first and second permanent molars is rare. Their prevalence has only 
been reported in a few studies. Baccetti [6] found a prevalence rate of 1.7% failure 
of eruption of both first and second molars. According to Grover [1], for the first 
permanent molar, it stands for 0.01 and 0.06% in the case of the second one.
Palma et al. [1] and Valmaseda-Castellón et al. [5] found lower second molars to 
be the most frequently affected, followed by upper second molars. First permanent 
molar impaction is seldom, with prevalence rates of 0.02% for the maxillary and of 
less than 0.01% for the mandibular. As regards Grover and Lorton, they found that 
the prevalence rate of impaction of upper second molars is 0.08% of the population 
and 0.06% for lower second molars [5].
Likewise, Bondemark and Tsiopa [6] have determined the frequency of anoma-
lies concerning the position and the eruption affecting the second permanent 
molar. In a point of fact, there is an overall prevalence of eruption disturbances of 
2.3% including 1.5%, for ectopic eruption, 0.6% for primary retention, and 0.2% 
for impaction.
The findings in South Indian population, with an age range of 15–67 years, 
brought to the limelight that the prevalence of impacted second mandibular molars 
was about 0.16% [10].
Such rates explain that earlier studies have focused only on the prevalence of 
disturbed eruption of the lower second molar.
Furthermore, the prevalence of second lower molar seems to be linked to the 
age of the patient. The results show the frequency higher as patients are younger. 
Indeed, the prevalence in Sweden was estimated to be around 0.15% for cases 
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between 10 and 19 years old according to Varpio and Wellfelt, while it accounts for 
0.58% for 12-year-old Chinese children according to Davis. Shapira et al. found 
that the Chinese-American population was representing a higher prevalence 
(2.3%) of mandibular second molar impaction compared with the Israeli popula-
tion (1.4%). Likewise, Shiu-yin Cho [9] found higher prevalence of 1% in Chinese 
schoolchildren.
As regards genders, some studies found a marked prevalence of this abnormality 
in males [1, 6]. On the contrary, other studies argued that there are more females 
with impacted lower second molars than males [3, 9, 10]. But in reality, not any 
significant difference has already been detected [3, 6, 9].
Additionally, the findings of some comparative analysis revealed that the 
prevalence of eruption has been increasing compared to the previous rates [1, 9, 11]. 
Evan et al. in their studies aimed to investigate the incidence of lower second 
molar impaction among two samples of 200 orthodontic patients referred to the 
Orthodontic Department of Bristol Dental Hospital consecutively in 1976 and 1986. 
Thereby they concluded in favor of this statement [11].
4. Etiopathogeny
Numerous local factors are involved in the failure of eruption, and they influ-
ence its prognosis and treatment. Teeth of the permanent dentition may fail to erupt 
either as a result of mechanical obstruction which could be idiopathic or pathologi-
cal or because of the eruptive mechanism disruption [2]. According to Andreasen 
et al. [4], three main causes have been involved in the eruption disturbances. These 
causes include ectopic tooth position, obstacles in the eruption path, and failures in 
the eruption mechanism.
The failures of the eruption mechanism may occur due to the presence of an 
obstacle such as a supernumerary tooth or an odontoma, lack of adequate space in 
the arch, an abnormal eruption path, or an idiopathic etiology.
As a whole, causes of eruption disturbances, particularly failure of tooth erup-
tion, could be categorized into general and local factors. It may depend on syn-
dromic and non-syndromic problems for both kinds of factors [4, 6, 12].
• Systemic factors are present in patients with certain syndromes. Usually, mul-
tiple teeth are affected. However, eruption failure in the permanent dentition is 
associated with small number of syndromes [8] (Figure 1).
• In cases with local eruption disturbance, only one or a few teeth are affected. 
Local factors related to the failure of eruption include malocclusion disturbances 
of the deciduous dentition, the position of the adjacent teeth, lack of space in the 
dental arch, idiopathic factors, supernumerary teeth, odontomas, or cysts.
• Heredity is also mentioned as an etiological factor. Recently, mutations in 
parathyroid hormone receptor 1 have been identified in several familial cases 
of primary failure of eruption. Nevertheless, on occasion, the failure of erup-
tion of first and second permanent molars is not associated with any systemic 
conditions or genetic alterations.
Differential diagnosis for these abnormal eruption patterns was not easy to 
identify either clinically or radiographically before starting the treatment.
We may conclude that the eruption disturbances of permanent molars may 
occur due to an impaction, primary retention, or secondary retention [1, 2]. 
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These terms are used indifferently and often synonymously. The etiology of 
the three disorders is, however, different as is their diagnosis and treatment 
approach [13].
4.1 Etiology of impaction
Impaction is the cessation of the eruption of a tooth. Tooth was deemed to 
be impacted when its complete eruption to occlusal height was prevented by an 
abnormal contact with another tooth in the same arch [11].
The majority of cases are caused by a clinically or radiographically detectable 
physical barrier in the eruption path, which is independent of the eruption process. 
It may be supernumerary teeth and odontogenic tumors or cysts. Impaction may 
also due to an unusual orientation of the tooth germ [1, 2]. Idiopathic factors was 
also mentioned as other factor that cause impaction.
In most cases, the impaction of maxillary first molars is usually associated with an 
ectopic eruption path at a mesial angle to the normal path of eruption. It may be the 
result of failure of the molar to upright from its mesial inclination during eruption [2].
Insufficient space in the dental arches has been also considered as an etiological 
factor for impaction of second lower molar. It could be explained by the fact that the 
increase in arch length does not synchronize with the eruption of the second molar, 
more commonly in the mandible than in the maxilla [1, 11, 12, 14]. The erupting 
mandibular second premolar and second molar may quite often compete for space 
in the posterior area of the arch. When this space is inadequate, the earlier erupting 
second premolar may result in the impaction of the second molar [15].
In addition, the developing third molar may also compete for space behind and 
above the second molar, resulting in its impaction. Its potential involvement in the 
second lower molar impaction was suggested, due to its altered position caused by 
dento-alveolar disproportion. As a result, many authors recommended to extract 
the third molars, as prophylactic measure, to allow for correct eruption of the 
second molars in teenagers. However, the relationship between impaction of lower 
second molars and ectopic third molars is often a controversial subject. All the more 
so, at the usual age of eruption of the second molar, the third molar cannot consti-
tute a barrier in the eruption path [1, 5].
4.2 Etiology of primary retention
Primary retention is synonymous of “unerupted” and “embedded.” It is defined 
as cessation of eruption before gingival emergence, with neither a physical barrier 
in the eruption path nor being the result of (or and not due to) an abnormal posi-
tion. The arrest of the eruption process occurs before the crown has penetrated the 
oral mucosa, and the non-resorbing bone occlusally of a primarily retained molar 
should be considered as a normal barrier in the eruption path [2, 16].
Figure 1. 
Panoramic radiograph of a 17-year-old patient with mental and growth retardation. We can note the agenesis 
of 15, 31, and 48, as well as multiple retentions including 37 inclined distally and overlapped by the germ of 38.
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According to Raghoebar [8], primary retention is an isolated condition associ-
ated with a localized failure of eruption but no other identifiable local or systemic 
involvement. It may be caused by a defect in the eruption mechanism and is asso-
ciated with a disturbance in the resorption of overlying bone. It is not due to an 
abnormality of the periodontal ligament; but the disturbance in the dental follicle 
constitutes the main etiological factor that fails to initiate the metabolic events 
responsible for bone resorption in the eruption trajectory. According to Raghoebar 
et al. [8], primary retention of permanent teeth is an isolated condition associ-
ated with a localized failure of eruption but no other identifiable local or systemic 
involvement.
4.3 Etiology of secondary retention
Secondary retention is synonymous of “submerged,” “reimpaction,” and “rein-
clusion.” It refers to unexplained cessation of eruption after emergence, precisely 
after a tooth has penetrated the oral mucosa as reported by Raghoebar [8]. This 
abnormality occurs without the evidence of a physical barrier in the eruption path 
ectopic position, and it affects less frequently permanent molars than primary 
molars [2, 13, 16].
The etiology of secondary retention is not well understood. Trauma, infection, 
disturbed local metabolism, and genetic factors have been suggested as etiologi-
cal factors. However, ankylosis is probably the main factor in its development. 
Raghoebar et al. [13] examined 26 secondary retained lower second molars, and 
they found that all of them had ankylosed areas. However, it is still not clear 
whether the state of ankyloses was a result of arrested eruption or if it was the 
primary cause resulting in arrested eruption.
All these factors present something of a diagnostic challenge to the clinician. It is 
important to distinguish between these three phenomena in order to understand the 
clinical features and to choose an adequate treatment.
5. Diagnostic approach
The failure of eruption is an asymptomatic pathology. That means that it is usu-
ally a casual discovery and its diagnosis is generally made late. It may incite various 
pathologic conditions on the permanent dentition such as caries, periodontitis, 
pericoronitis, and risk of root resorption of adjacent teeth as well as the situations 
leading to the loss of permanent teeth, incomplete development of the alveolar pro-
cess, shortening of the facial height, and occlusal disturbances. Thus, it is suggested 
that these abnormalities should be diagnosed and treated at an early age [3, 5].
Indeed, prompt diagnosis is essential in order to improve prognosis and to palli-
ate the consequences of the failure of eruption of permanent molars. It involves full 
medical history, and it appropriates clinical and radiographic examinations which 
are sufficient to distinguish clearly between impaction, primary, and secondary 
retention [1, 2, 17]. As eruption time may vary between individuals, an appropriate 
follow-up of children with mixed dentition is required at 6-month intervals to man-
age their eruption pattern and dental development, especially in cases of posterior 
crowding and when molar retention is suspected [9].
5.1 Clinical analysis
This is a crucial step in the management of these abnormalities. It is important 
to raise the civil age, which must be correlated with dental age in order to claim a 
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possible eruption delay. A child is considered to be late toothed when the dental and 
civil ages differ by more than 2 years from the average values for permanent teeth.
In addition, it is imperative to note on questioning a history of trauma or infection 
as well as a possible notion of heredity, emphasizing a family history of eruption fail-
ure or ankylosis affecting at least one primary tooth [8]. This facilitates the identifica-
tion of the clinical form of the abnormality according to possible etiological factors.
The clinical examination cannot claim to make a reliable diagnosis of dental 
impaction or retention. Only radiographic analysis will make it possible to conclude 
this and above all to decide between the three clinical forms, namely, impaction, 
primary, or secondary retention.
Some signs, although rare, could be characteristic of particularly secondary den-
tal retention. Indeed, clinically secondary retention is usually suspected on the one 
hand when a molar is in infra-occlusion at an age when the tooth would normally be 
in occlusion (Figures 2 and 3) This is because the adjacent teeth continue to erupt 
but the growth of the alveolar process in the affected area stops. On the other hand, 
the involvement of ankylosis might be detected with the percussion test [3].
However, particular attention should be focused on the number of teeth with 
delayed eruption, referring to the contralateral tooth. A 6-month delay in erup-
tion of a permanent mandibular second molar compared with its contralateral or a 
1-year delay in eruption of both molars should justify suspicion of molar retention 
and should indicate a need for further radiographic investigation [9].
The involvement of ankylosis might be detected with the percussion test and 
radiographic evidence of the periodontal ligament obliteration. The scanner or the 
cone beam computed tomography are the only tools which may identify the ankylo-
sis’ diagnosis [3].
5.2 Radiographic analysis
Unerupted molar is often detected in a routine panoramic radiograph during 
pedodontic or orthodontic evaluation and treatment planning. But, it is usually not 
Figure 2. 
Intraoral photographs showing arrested eruption of the tooth 16 after gingival rupture associated with an 
infraocclusion in this side and growth cessation of the alveolar process.
Figure 3. 
The orthopantomogram revealed the absence of a physical obstacle and a vertical position of the tooth 16 
related to secondary retention.
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the main reason for referral to the orthodontist. Early detection and treatment is 
imperative to avoid possible complications and to eliminate the need for advanced 
orthodontic and surgical treatment [15].
The radiological examination must first conclude that the germs of unerupted 
molars are present. Also, as reported by Vedtofte [12, 18], it should also focus on 
registration of dental abnormalities in tooth retained and dentition in general  
such as:
• Root deflection dilacerations
• Taurodontism
• Invagination
• Resorption or tooth decay in adjacent primary or permanent teeth (primary 
molar or second premolar in case of impacted first molars, and first molar in 
case of impacted second molar)
Vedtofte and Andreasen [18] found a high prevalence of dens invagination 
and taurodontic in second lower molars with arrested eruption (Figure 4). They 
suggested that there was an association between morphological deviations and 
periodontal membrane malfunction, the latter causing eruption disturbances. 
Root dilacerations were also observed in arrested eruption upper and lower molars 
but they are not related to a particularly deep bony position of the molar. It could 
explain the association between root abnormalities and eruptive disorders in 
permanent molars [12].
In addition, some measurements must be recorded on the orthopantomogram as 
the angulation of impacted tooth and depth of retention. The inclination axis of the 
molars is measured from tracing long axis of unerupted teeth and adjacent teeth, 
perpendicular to the tangent to the tips of the cusps. The angle between these lines 
is measured for each side of the jaw in order to conclude an average value [9, 11, 12] 
(Figure 5).
The degree of non-eruption could be evaluated radiographically in millimeters 
of bone, from the alveolar ridge to the central fossa of the unerupted molar or verti-
cal distance between distal marginal ridge of the first molar and mesial marginal 
ridge of the impacted second molar [1, 3] (Figure 6).
Because permanent teeth may fail to erupt either as a result of mechanical 
obstruction or disruption to the eruptive mechanism itself [2], both clinical and 
radiographical diagnosis approach should conclude in an impaction, primary, or 
secondary retention on the basis of the various etiological factors, which are as 
follows:
• The detection of mechanical obstruction and posterior crowding typical of 
molar impaction;
• The root growth stage;
• The signs of ankylosis characteristic of secondary retention.
5.2.1 Radiological characteristics of impaction
The orthopantomograph reveals, in this specific case, odontogenic cysts, 
odontoma, supernumerary teeth, or signs of insufficient space in the posterior side 
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of dental arch as malposition of the tooth germs of the third molars overlapping 
with lower second molar.
The great majority of mandibular second molar impaction was associated with 
a degree of mesial angulation which could be radiographically seen as an oblique 
Figure 5. 
Readapted from [11, 12]. Registration of angulation of impacted teeth from the angle between long axis of first 
and second lower molars. Angle greater than 40° means mesial inclination. Angle between 40 and −20° means 
vertical position. Angle less than −20° means distal inclination.
Figure 6. 
Readapted from [3]. Registration of impacted teeth depth from distal marginal ridge of the first molar (DM1) 
to the mesial marginal ridge of the impacted second molar.
Figure 4. 
Panoramic radiograph of a 13-year-old patient showing a delayed eruption of first and second permanent 
molars with intrapulpal calcifications and taurodontism of the first lower permanent molars and second lower 
premolars. We also note the reinclusions of the second temporary molars.
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or even horizontal position of the tooth. A very rare case of an inverted impacted 
second molar where its crown was directed toward the lower border of the man-
dible was reported [15].
Nevertheless, when the first molar is affected, the radiographs show a mesial 
inclination and atypical resorption of the distal surface of the adjacent primary 
second molar. The main sign is the long axis which is not parallel to the normal 
eruption path [2].
5.2.2 Radiological characteristics of primary retention
Because the arrest of the eruption process occurs before the crown has pen-
etrated the oral mucosa, the crown is often covered by bone and mucosa. Thus, 
the non-resorbing bone occlusally should be considered as a normal barrier in the 
eruption path [2, 16].
Primary retention is defined as an incomplete tooth eruption despite the pres-
ence of a clear eruption pathway. Radiographically, the molar is normally oriented 
in its eruption path, and roots are deeply situated and sometimes completely 
formed. The growth of roots has occurred apically due to bone resorption around 
the radicular portion [4, 16].
A follow-up of at least 6 months is necessary to detect radiographically whether 
the tooth is showing any eruptive movement or not, in order to make a differential 
diagnosis between primary and secondary retention.
5.2.3 Radiological characteristics of secondary retention
Ankylosis was suggested to be the main etiological factor in secondary retained 
permanent teeth. Histological study conducted by Raghoebar compared 26 second-
arily retained molars removed in children group (mean age = 16.2 ± 3.9 years), with six 
normally erupted molars which were removed for orthodontic or prosthetic reasons 
[13]. The author found areas of ankylosis along the roots of all secondary retained 
molars located at the bifurcation and interradicular root surface in 81% of the cases.
Thus, it is difficult to specify the diagnosis of such disturbance only from ortho-
pantomographs. Intraoral periapical radiographs allows to identify a periodontal 
obliteration and hypercementosis. The computed tomography scan represents 
supplemental examination to bring a definitive diagnosis of ankylosis [3].
Another factor in favor with the diagnosis of secondary retention is tooth posi-
tion. Wellfelt maintains that ankylosis is often suspected in vertically positioned 
teeth (Figures 7 and 8).
Figure 7. 
Intraoral photographs (A) before treatment and (B) 2 years after orthodontic and surgical treatment, showing 
arrested eruption of 37 after gingival rupture, with no movement of this tooth related to secondary retention.
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Finally, primary and secondary retention could be differentiated considering the 
stage during which the molar stops the eruption process [2]. In addition, the mesial 
angulation of the molars is characteristic of the impaction, whereas in the primary 
and secondary retention, tooth is rather vertical.
6. Treatment
The diagnosis characteristics of eruption disorders are different but the treat-
ment approaches are identical in some cases. Primary and secondary retention of 
permanent molars reflects disturbances in a particular stage of the eruptive process, 
while impaction is due to a physical barrier or an abnormal tooth position and thus 
not directly related to a particular eruptive stage. It is important to distinguish 
between these three phenomena in order to understand the clinical features and to 
choose a suitable treatment [2, 8].
6.1 Decision-making factors of treatment
Multiple local factors are involved in the failure of eruption and influence its 
prognosis and treatment. We cite lack of space in the arch, dental anatomy, inclina-
tion axis, stage of the root formation, and the depth of the molar. Although their 
exact roles have not been yet established. The age of the patient is probably a key 
factor in the evolution of the case.
Several entities are an indicator of retention’s severity and could influence the 
prognosis and treatment protocol of unerupted permanent molars. The following 
variables could be mentioned [1, 3]:
• Dental inclination,
• Degree of non- eruption,
• Stage of root formation,
• Age.
The inclination axis of the molars has certainly an impact on clinical treatment 
results [1]. Wellfelt [1] reported that the mesioangular inclination was most success-
fully treated because the ankylosis is often suspected in vertically positioned teeth, 
thus in secondary retention.
Figure 8. 
Post-treatment panoramic radiograph revealed vertical position of retained tooth.
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The degree of non-eruption or depth of the impaction seems to be a less decisive 
factor in the evolution than the stage of root formation. In fact, it was reported that 
when roots of the unerupted tooth are completely formed, the chances of successful 
treatment decrease [1]. Furthermore, Fu et al. found, in their study conducted on a 
Taiwanese population, that the impacted depth was highly and positively correlated 
with the initial uprighting period [3].
This could explain that patient’s age is considered as a key factor in the prognosis 
of this disorder. Most pediatric population studies show that resulting malocclu-
sions and abnormalities in adjacent and opposing teeth are frequent and start at 
very early ages. [5] Furthermore, we have mentioned that the age affects certainly 
the initial uprighting period, but it has a small impact on the performance and 
outcomes of the technique. Thus, these teeth malposition should be diagnosed and 
treated at an early age. Fu et al. suggested that there was a statistically significant 
relationship between poor evolution of the unerupted molar and the following fac-
tors: age over 14 and root formation of the unerupted molar in its last stages [3].
Finally, both diagnosis and treatment planning should be placed into the 
perspective of the patient’s age, the stage of eruption, as well as of factors like the 
patient’s needs and self-image [2]. Even if the disturbances do not occur frequently, 
it is important to develop an early diagnosis in order to start the treatment at the 
optimal time, between 11 and 14 years, when root formation is incomplete [3, 6].
6.2 Treatment modalities
Eruption disturbances may manifest clinically and radiographically as impac-
tion, primary retention, or secondary retention. The treatment protocol for its 
management is based on the type of eruptive abnormality and the age of the 
patient. Treatment options include observation, surgical exposure or repositioning, 
orthodontic uprighting, and extraction of the unerupted molar. Each modality has 
its indications, contra-indications, advantages, and disadvantages.
Generally, as stated by Andreasen [8], the active orthodontic and/or surgical 
treatment is indicated in cases of impacted ectopic erupting teeth and primary 
retention. However, a primary observation period seems to be required before any 
intervention to confirm diagnosis through a radiographical follow-up. Spontaneous 
eruption into normal occlusion could occur in rare cases. Abstention is recom-
mended in cases of secondary retention due to ankylosis, or deeply impacted lower 
second molars. Extraction may be the norm in case of failure of teeth repositioning.
Due to low frequency of impacted first molars, numerous studies and case 
reports are available regarding the clinical management of second molar disturbed 
eruption. All approaches and techniques can also be applied to unerupted first 
molars despite their low incidence.
6.2.1 Observation
Kavadia and others underline the importance of tight control of impacted lower 
second molars. They suggest that active treatment should only be considered after an 
observation period of at least 12 months exclude the possibility of self-correction [9].
So when the identified etiology is an obstacle, the early removal of the barrier 
usually allows the molar to erupt spontaneously.
Furthermore, abnormal position of the germ of a third molar may form a barrier 
causing impaction of the second molar. The recommended treatment is removal of 
the third molar at the age of 11–14 years in combination with a thorough follow-up 
of the eruption of the second molar [2]. In other cases, some clinicians advocate 
removal of the second molar allowing eruption of the third molar at its position [14].
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Once the chance of self-correction has been ruled out, dentists should discuss 
with patients and parents the various treatment options for the impacted molars, 
which may include [9]:
• Orthodontic uprighting
• Surgical repositioning
• Extraction of the impacted second molar to allow the third molar to drive 
mesially
• Extraction of the impacted second molar and transplant of the third molar into 
the extraction site.
6.2.2 Orthodontic uprighting
Generally, as stated by Andreasen [8], the active orthodontic treatment is 
indicated in cases of impacted ectopic erupting teeth and primary retention. 
Orthodontic approach is important to provide a good occlusion and to reduce 
the risk of caries and periodontal disease and can be performed with or without 
extraction of the adjacent third molar. However, in cases of extreme horizontal 
impaction or widely diverging roots, orthodontic uprighting of permanent molars 
is contraindicated [2, 15].
The optimal moment for uprighting is when two-thirds of the roots have been 
formed, between 11 and 14 years old for second molar. Molars with fully formed 
roots have a poor prognosis [2].
Beyond age, orthodontic modalities are depending of mesial tipping and depth 
of concerned teeth. So, when orthodontics is indicated, an efficient mechanics plan 
is required [13]. Numerous methods can be considered:
• Conventional appliances
• Distalization segment wire
• Temporary skeletal anchorage.
All of these methods, however, have limitations, especially in the approach of 
deeply impacted teeth.
6.2.2.1 Conventional appliances
When a second molar is slightly mesially angulated with a sufficient emerging 
area, several devices have been suggested in the literature to correct simply this 
malposition such as separating elastic or brass ligature wire between tipped teeth 
and neighboring one. These artifices operate as a spring, relieving contact between 
the teeth and allowing “self-correction” and eruption [15].
Interarch vertical elastics and a removable appliance with an uprighting spring 
have been also reported [4].
The correction of this abnormality can also be done simply by including the 
impacted molar in the orthodontic treatment from the first stage of alignment 
and leveling of the orthodontic treatment. A tube is then bonded to the vestibular 
surface of the molar, which will be engaged in the continuous arch. Alignment 
and distalization will be ensured by superelastic arches and a push coil spring 
Human Teeth - Key Skills and Clinical Illustrations
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(Figure 9). A variant of the same device can be proposed; the superelastic wire used 
for alignment and leveling of the teeth is curved distally of impacted molar which is 
engaged in the tube and bended on mesial (Figure 10).
Such methods might require considerable treatment time with the risk of 
extending the overall duration of orthodontic treatment. Indeed, since the arch 
sections cannot change, the leveling of the dental arches is delayed. This widely 
justifies the use of fixed auxiliaries as an efficient alternative.
6.2.2.2 Distalization segment wire/auxiliary spring fixed
A button, mini tube, or eyelet button is usually bonded on the visible area of the 
tooth. An auxiliary segment is constructed of flexible wire nickel titanium, copper 
Ni Ti, or titanium molybdenum alloy (TMA) with loop. This cantilever is gener-
ally placed after leveling of the dental arch, which is then used as stabile unity for 
distalization of impacted tooth. In fact, molar uprighting requires good anchorage 
control, and subsequently, a full-arch fixed appliance is necessary to protect from 
undesirable tooth movements [19]. Continuous 0.019 × 0.025 stainless steel wire 
from first molar to second premolar or first molar is recommended as an anchorage 
unit.
Then, NiTi wire can be used to upright the tooth. Finally, the tube is bonded 
to introduce the tooth into the conventional wire to complete leveling and finish 
treatment [14, 15, 20].
Various patterns have been revealed in the literature, from the simplest to the 
most complex, taking advantage of the elastic properties of wire alloys.
The 0.016 × 0.022 Ni-Ti or 0.016 × 0.025 Cu Ni-Ti may be used to distalize 
angulated molar. The segment wire is inserted between the retained molar and the 
neighboring tooth on the arch. Due to its superelasticity, the wire is curved and then 
bonded to the occlusal face of the adjacent tooth. A moment of force is generated 
resulting in move of the molar to the distal (Figures 11 and 12).
Figure 10. 
Continuous superelastic wire curved in distal of second lower molar then introduced into the tube to achieve its 
distalization.
Figure 9. 
Association of superelastic wire and coil spring between first and second lower molars.
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Like Fu et al. [4], the same sections of Ni-Ti or copper Ni-Ti can be used to 
upright orthodontically the mandibular second molar. The sectional wire is 
here ligated on the continuous wire that served to align and level the dental arch 
(Figure 13).
In other retrospective study, Fu et al. [3] described the pole arm appliance as an 
effective treatment modality and success predictable for impacted second lower 
molar.
Figure 11. 
0.016 × 0.022 Ni-Ti or 0.016 × 0.025 Cu Ni-Ti sectional wire, placed between first and second retained molars, is 
occlusally curved and bonded on occlusal face of first molar aligned on the arch.
Figure 12. 
Right quadrant of a panoramic radiograph illustrating the placement of the 0.016 × 0.022 Ni-Ti sectional wire 
between first molar (46) and lower retained second molar (47).
Figure 13. 
0.016 × 0.022 Ni-Ti or 0.016 × 0.025 Cu Ni-Ti sectional wire, ligated to stainless steel continuous arch wire and 
then introduced between second premolars and impacted first molar, produces a sufficient moment to distalize 
the impacted tooth.
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The pole arm is constructed of 0.016 × 0.022 inch titanium molybdenum alloy 
(TMA) wire (Figure 14). The distal part is inserted from lingual side under the 
contact point, between first molar and second angulated molar, then it is pushed 
buccally. The uprighting spring is curved to the mesial dental arch and ligated to 
the anchor wire. Finally, the lingual extremity is fixed with composite resin on the 
occlusal surface of the first molar (Figure 15). The reactivation of the pole arm is 
recommended every 6 weeks, simply by lifting the buccal arm occlusally.
Majourau et al. [14] proposed 0.017 × 0.025 TMA “cemented springs” whose 
distal part is supported by a stainless steel button bonded to disto-occlusal surface 
of the retained molar. The auxiliary wire is inserted from the distal of the first molar 
auxiliary tube. Then, it is curved to give it the configuration of loop. The spring is 
activated through a combination of the gingival loop form and open coil inserted 
between a loop and the auxiliary molar tube (Figure 16).
All the appliances aforementioned have the advantage of avoiding early bonding 
of impacted molars as well as the need of surgical exposure of sufficient surface for 
the bonding.
Then, when the impacted second molar had been uprighted to some degree, a 
tube can be bonded to it for further alignment.
TMA uprighting spring, with or without helical loop is needed to finish distal 
displacement of molar and to produce eruptive force to bring teeth into occlusion 
with their upper opponents.
Majourau [14] reports using 0.017 × 0.025 TMA cantilever spring, which is 
engaged in the second molar tube and hooked distally to the canine. The intrusive 
Figure 14. 
The pole arm uprighting spring of 0.016 × 0.022 TMA is used. The lingual extremity is bonded on occlusal 
surface of adjacent tooth; then, the arm is introduced from lingual under contact point. The buccal part is 
curved and ligated to anchor continuous arch wire (readapted from [3]).
Figure 15. 
The activation of pole arm uprighting spring is ensured by a plicature leading the mesial arm occlusally 
(readapted from [3]).
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force was negligible since a continuous stiff stainless steel wire consolidated the 
lower arch from first molar to first molar (Figure 17).
Many others suggested the use of tip back cantilever of 0.017 × 0.025 TMA wire 
with loop [15, 21, 22]. It is a long cantilever which gives a high moment-to-force 
ratio and produces effects on the tooth in three planes, mainly in the mesiodistal 
direction and the vertical direction providing both distal crown tipping and molar 
extrusion (Figure 18).
6.2.2.3 Temporary skeletal anchorage
Orthodontic treatment methods, with continuous or segment wire, for molar 
uprighting have some disadvantages, including extrusion of the target molar, 
unwanted reciprocal movement of the anchorage units, need for bulky appliances, 
and longer treatment time. The development of orthodontic miniscrew implants 
provided solutions to most of these problems [19].
Skeletal anchorages have some advantages in that they reduce the side effects 
formerly associated with dental anchorage and provide vertical and distal traction 
Figure 16. 
Illustrative diagram of 0.017 × 0.025 TMA sectional wire associated with open coil to upright impacted the 
second lower molar. TMA spring is bent around the button, then configured as loop, and finally inserted from 
distal in accessory tube of the first molar. Continuous 0.019 × 0.025 stainless steel wire from first molar to first 
molar is used as an anchorage unit (readapted from [14]).
Figure 17. 
Illustration of eruptive force produced by TMA cantilever spring without loop. This sectional wire is required to 
achieve impacted molar repositioning in correct occlusion (readapted from [14]).
Human Teeth - Key Skills and Clinical Illustrations
18
forces simultaneously with proper line of action and moment. It is also beneficial 
for obtaining [19] [23] Thus, orthodontic miniscrews have a major impact on reduc-
ing the overall treatment time unlike conventional treatment.
Moreover, they simplify the design of orthodontic devices. All the abovementioned 
devices can be used in combination with it to avoid the need for dental anchoring. 
Depending on the situation, the skeletal anchor can be used directly; the minivis serves 
as a docking point for the sectional wire with direct application of an appropriate force 
system. Lee et al. suggest uprighting second molar into two steps, using an open coil 
spring and a stainless steel uprighting spring (Figures 19 and 20) [19].
Conventional orthodontic methods are often the best alternative to extraction 
or surgically repositioning of the first and second permanent molars. It produces 
certainly excellent outcomes, but could not be successfully predicted or may be 
contraindicated for horizontally position, deeply impaction or molars with gross 
displacement [9, 15, 19]. In such challenging cases, a combination of surgical and 
orthodontic treatment is appropriate [2, 4].
6.2.3 Surgical approaches
Surgical approaches of unerupted permanent molars included surgical exposure 
for orthodontic uprighting and traction into their correct position in the arch, as 
well as challenging treatment options of surgical repositioning. It consists essen-
tially of uprighting and repositioning of the impacted molar, eventually including 
extraction of the third molar [15] [20]. Posterior available space should be analyzed 
Figure 18. 
Diagram of tip back cantilever: It is a long uprighting spring of 0.017 × 0.025 TMA. The activation force is 
directed to the occlusal (readapted from [15, 21, 22]).
Figure 19. 
Miniscrews used as direct anchor with segmental wire and coil spring to distalize and extrude the second lower 
molar. In the first step (A), the distalization is ensured by 0.016 stainless steel wire and open coil spring. In 
the second step (B), tip back moment is delivered from 0.016 × 0.022 in. Stainless steel wire spring to upright 
impacted molar (from Lee et al., readapted from [19]).
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before planning orthodontic and surgical traction, to prevent periodontal risks. 
Removal of the third molar often completes this procedure, and more rarely, the 
second molar when the first one is impacted. Undoubtedly, analysis of anatomic 
location, desired eruption path, and available space should proceed the uprighting 
process for a favorable outcome [19].
6.2.3.1 Surgical exposure
In cases of horizontally or deeply impaction, orthodontics alone cannot 
straighten the molar because of the limited access. A surgical exposure is required 
following by orthodontic traction or luxation.
Magnusson et al. in their study found that [24]:
• Surgical exposure was the most successful treatment and the best choice of 
treatment, with a success rate of 70%.
• The success rate was 50% when surgical exposure was combined with extrac-
tion of the third molar and/or luxation of the second molar.
• Surgical exposure of the second molar, with or without extraction of the third 
molar and/or luxation of the second molar, seems to result in the most success-
ful treatment in both jaws.
6.2.3.1.1 Surgical exposure and orthodontic traction
It consists of exposure and uncovering the crown, followed by bonding an orth-
odontic attachment. Temporary skeletal anchorage is the appropriate and efficient 
means to upright and tract the tooth in its ideal position [15, 23].
Kim [23] suggested the use of 1.3–1.2 mm × 8 mm mini screws in the retromolar 
area following extraction of the third molar. Traction is initiated on the day of 
surgery with elastic threads that were replaced every 4 weeks.
Chang [25] reported a simple, effective, and expedient mechanics for manag-
ing horizontally and deeply impaction of second lower molar in only 4 months. 
2 × 14 mm stainless steel bone screw is positioned superiorly in ramus under local 
anesthesia. He proposed to (Figure 21):
• First, remove all obstructions to eruption, as ectopic position of the third 
molar follicle
Figure 20. 
Miniscrews used as indirect anchor to reinforce dental stabile unit then with tip back cantilever to extrude it.
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• Expose surgically and luxate the lower second molars to rule out an eventual 
ankylosis. The covered bone is removed down to the level of the cementoe-
namel junction for optimal molar uprighting.
• Bond button or eyelet on distal surface and then connect elastic chain from 
attachment to bone screw before closing soft tissue with interrupted sutures to 
control blending.
6.2.3.1.2 Surgical exposure and luxation
Luxation is an effective technique with good long-term prognosis. Such 
approach finds its major indication in favorable impacted molars before complete 
apical root edification. Indeed, it has been reported that molars luxated prior to 
complete root formation erupted spontaneously and continued their normal root 
development.
The potential risks of luxation include pulpal devitalization and root frac-
ture, although a prophylactic endodontic treatment of the luxated molar is not 
recommended.
During the 1916s, luxation has been described to be used successfully in anky-
losed permanent molars that are typical of secondary retention, although luxation 
seems to promote new areas of ankylosis rather than breaking bony connections [2].
The prognosis seems to be better than that of dental transplant because the tooth 
is not removed from its socket and the apical blood vessels are not damaged.
6.2.3.2 Surgical repositioning
It is a simple technique which produces fast results; it seems to be the most 
convenient procedure when patient compliance is minimal, when impacted teeth 
have limited access or failed to respond to orthodontics methods, or for angle of 
inclination of less than 75° [9, 15, 26]. Nevertheless, there is a risk of pulp necrosis, 
root resorption, and ankylosis [9].
Several authors suggested that this procedure usually lead to predictable success-
ful results if root formation is not completed, usually between the ages of 11 and 14. 
According to Botton [17], if surgery is performed too soon, then the tooth may be 
unstable and may shift from its position. If performed too late, then there is risk of root 
fracture and possible disruption of blood supply leading to pulpal necrosis [17] [24].
Figure 21. 
Illustration of surgical exposure and traction of second lower molar through bone screw. The button is bonded 
to the accessible surface (A) and then moved if necessary (B) so as to obtain a sufficient amplitude of traction 
on the minivis. 2 × 14 mm stainless steel bone screw is inserted into the ascending ramus, and power chain is 
connected between attachment and screw (readapted from [25]).
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Removal of the third adjacent molar is often necessary to make surgical upright-
ing easier. In addition to that, surgically tipped molar should be stabilized for few 
weeks.
Boyton et al. [17] Kravitz et al. [26] describe the stages of surgical uprighting 
of second lower molar. After intrasulcular incision from the distobuccal line angle 
of the first molar to posteriorly the external oblique ridge, a full-thickness muco-
periosteal flap is raised to expose the second and third molars if it is present. Then, 
distal and buccal bone of molar is removed to expose the cement-enamel junction 
avoiding any contact with the cementum and periodontal ligament fibers that may 
cause external root resorption.
The surgeon uses steady and gentle force with straight elevator to elevate the 
tooth distally and prevent root fracture. Sometimes, the surgeon removes additional 
distal bone to perform the molar uprighting. When the occlusal surface of impacted 
molar is approximately level with the occlusal plane, the patient is instructed to 
bite down gently to ensure that the molar is just below the occlusal plane to prevent 
occlusal trauma. The site should be irrigated with copious amounts of normal 
saline and then closed with sutures. The attached gingiva should be kept intact and 
positioned appropriately to ensure a healthy periodontal environment for the newly 
positioned second molar.
Some recommended bonding a tube to the molar as soon as it is repositioned. 
For others, an intact lingual and buccal plate or a periodontal dressing prevents the 
tooth from migrating bucally or lingually [17, 26].
According to Boyton, no additional autogenous bone or bone substitutes are 
needed to stabilize the tooth. Other authors [27] advocate the use of absorbable 
gelatin sponge or autogenous alveolar bone to stabilize the repositioned second 
molars.
An immediate postoperative Panorex is recommended. The follow-up includes a 
1-week postoperative appointment and then another appointment in 6 months for 
a repeated Panorex. Orthodontic treatment should begin 1–2 weeks after surgery, 
with a mandibular arch-wire extended through the second-molar bracket for 
stabilization.
7. Extraction
Surgical extraction of unerupted permanent molar is indicated when exposure, 
luxation, and orthodontics treatment fail, in the presence of a pathological process, 
or when prognosis is poor because of fully formed roots or extremely unfavorable 
position [2, 15].
Extraction as an alternative procedure of retention treatment can be considered 
in two different approaches as follows:
• Extraction of retained or impacted second molar with the intention of replac-
ing it with the third molar. The third molar drift mesially when it is at low 
Nolla stage from 5 to 8. Nevertheless, success of this treatment depends on 
the eruption path of the third molar which could be unpredictable [5, 9, 15]. 
Magnusson et al., in their study evaluating the outcome after treatment and 
without treatment of retained second molars, found that treatment with 
removal impacted molar replaced with the third molar was the least successful 
both in the maxilla and mandible. They reported that few molars that did erupt 
were all malpositioned with a risk for elongation of the antagonist because of 
the delayed eruption of third molar [24].
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• Extraction of the impacted second molar followed by immediate transplanta-
tion of retained molar or third molar into the extraction site. It is technically 
demanding and carries a risk of pulp necrosis, root resorption, and ankylosis 
[9, 15, 24].
• Both transplantation and surgical repositioning were suggested as invasive 
techniques because of the deeply impacted positions with high risk of neuro-
vascular damage, mandibular fracture, or the deep infrabony defect on the 
distal surface of adjacent teeth [24].
8. Conclusion
The eruption failure of first and second permanent molars is rare and asymp-
tomatic. This disturbance is often detected in a routine panoramic radiograph 
during pedodontic or orthodontic evaluation and represents a real diagnostic and 
therapeutic challenge for the practitioner.
Considering the main etiological factors, three clinical forms can be distin-
guished: impaction, primary, and secondary retention. Therefore, it is crucial to 
diagnose this abnormality early for an optimal treatment time and outcomes, as 
well as reduction of dental and periodontal complications.
Its management is considered difficult and unpredictable, and there is no clear 
standard solution. Despite observation, abstention, or extraction of unerupted per-
manent molars, several orthodontic and surgical methods for uprighting impacted 
molars was reported. All of the methods have specific indications, advantages, and 
disadvantages depending of clinical form, retention depth, stage of root formation, 
and age of patient.
If the prognosis of orthodontic and/or surgery repositioning of impacted 
and primary retained molars is favorable, the treatment of secondary retention 
seems to depend on the age of the patient and the extent of infraocclusion and 
malocclusion.
The major treatment concern of secondarily retained molars is that these molars 
cannot be moved orthodontically due to an abnormal periodontal ligament. By con-
trast, orthodontics or combined surgical-orthodontic approach is a major modality 
in treatment of impacted teeth as these molars often have an abnormal position in 
the eruption path. Primarily retained molars can also be moved orthodontically, but 
this is often not necessary because of the normal position in the eruption tract.
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